Introduction
Food security, defined as the stable access to adequate food, is directly affected by economic factors, such as stagnating growth, high food prices, low income, and unemployment 1, 2, 3, 4, 5 . Additionally, as political environments influence the stability of food economies and governmental commitments towards food security policies, political crises are negatively correlated with food security 6 . Therefore, in order to improve food access and guarantee the Right to Food, food security policies should address these issues by raising income, managing risks of economic shocks and strengthening national institutions 1, 6, 7, 8 .
Regarding successful food security policies, Brazil has been known worldwide for reducing food insecurity by improving food access, income generation, supporting the food production by small farmers, and enhancing food security governance including civil society organizations 9, 10, 11 . Most importantly, alongside these developments, Brazil built a robust legal and institutional framework for food security, transforming the fight against hunger into a state obligation 6, 12, 13, 14 . These political and social commitments were established in a period marked by strong economic growth and reduction of unemployment 15 . As a result, poverty and severe food insecurity were drastically reduced from 2004 to 2014 in Brazil 10, 16, 17, 18, 19 .
It is understood that economic prosperity bolsters food security, and in contrast economic and political shocks undermine such gains 4, 7, 17, 20, 21, 22, 23, 24, 25 . Recently, the Food and Agriculture Organization of the United Nations (FAO) reported that undernourishment at a global level, after years of decline, increased from 2015 to 2016 due to the economic and political crises that occurred in many developing countries 8 . The impact of economic downturns on food security suggests a threat to food security in Brazil, as since 2014 the country faces a major economic crisis along with political instability 26, 27, 28 . As a result, in 2016 there was a presidential impeachment in Brazil, which along with many revelations of corruption compromised the political stability of the country 10, 27 . This crisis lead to the worsening of many social indicators, such as income and unemployment, which affected 12% of the population in 2016 15, 26, 27 . Inflation led to increases in national food prices, mostly affecting staple foods (rice, beans), vegetables, fruits and meat 15, 29 . As a result, the Brazilian government responded with austerity measures, which led to reduced funding for many social and food security policies 26, 28, 30, 31 . Moreover, long term projections are not optimistic, with leading economists forecasting economic recovery only after 2020 28 .
Although financial and political crises having a negative impact on food security is consensus in academia 2, 32, 33 , current studies provide snapshots rather than continuous assessments of food security status in affected countries 4, 7, 21, 25, 34 . In the case of Brazil, there are still no studies on the effects of this crisis on national food security status. As timely food security measurements are needed to inform policy, this study aims to fill both gaps and contribute to the discussion on how food security can be affected by economic and political instability even in countries where there is a strong social policy framework. Thus, our first objective is to describe the changes in food security status in Brazil before (from 2004 to 2013) and during the crisis (from 2015 to 2017). The second objective is to explore associations between food security and socioeconomic factors during the crisis.
Materials and methods

Data sources
To describe the changes in food security status before and during the economic and political crisis in Brazil, this study used national data from two different sources. Data from the period before the crisis came from the Brazilian National Household Sample Survey (PNAD), which assessed food security status in 2004 (n = 112,479), 2009 (n = 120,910) and 2013 (n = 116,192) . Data collected during the crisis came from the Gallup World Poll (GWP), which assessed food security in Brazil in 2015 (n = 1,004), 2016 (n = 1,002) and 2017 (n = 1,001). These two data sources were used to complement each other. This approach was necessary because there is no single data source available that provides national data on food security in Brazil for both periods, before and during the crisis. In order to explore associations Cad. Saúde Pública 2019; 35 (7) :e00084118 between food security and socioeconomic factors during the crisis, only data from the GWP were utilized, as it covered the last three most recent years of the crisis: 2015, 2016 and 2017.
The PNAD, conducted annually by the Brazilian Institute of Geography and Statistics (IBGE), is a population-based epidemiological survey that collects sociodemographic information on an average sample of over 110,000 households 19 . Special supplements that investigate other characteristics of the population are added to the PNAD with a variable periodicity, such as food security assessments which were included in 2004, 2009 and 2013 19 .
The GWP, created in 2005, is a survey conducted annually in more than 140 countries on an average sample of 1,000 households per country, which is designed to ensure national representativeness 35 . This research is rich in opinion and perception measurements, and also includes questions on sociodemographic factors. Since 2014, in collaboration with the FAO, GWP has included a global assessment of food security in the survey 35, 36 .
Both surveys, PNAD and GWP, cover the entire country, including rural areas, and provide a nationally representative sample 19, 35 . Regarding their sampling methods, both surveys applied a multiple cluster design to randomly select their samples in three stages: municipalities, census tracts, and households 19, 35 . As GWP collects smaller samples compared to national surveys, after collection the data are weighed by gender, age, education and socioeconomic status to match the national demographics 35 . All interviews from PNAD and GWP were conducted face to face with one individual over 15 years old in each household 19, 35 .
Food security status was measured by both data sources, PNAD and GWP, using the Brazilian Food Insecurity Scale (EBIA). EBIA is a national psychometric scale consisting of 14 questions related to the direct experience of food insecurity 19 . The first eight questions of EBIA are addressed to all households. The remaining six questions are only used in households with members less than 18 years of age 19 . PNAD used the original EBIA to assess food security status, while the GWP applied the shorter version of EBIA (EBIA-8), which consists of the first 8 questions of the original scale.
In a recent study conducted by Interlenghi et al. 37 , EBIA-8 was validated against the original 14-item scale, according to their level of agreement in the classification of household food security status. The authors concluded that results from EBIA-8 are reliable and consistent with the results from the original scale, and recommended the use of EBIA-8 when it is not possible to apply the 14-item scale 37 . Due to the differences in how the EBIA was applied in Brazil by PNAD (14 questions) and GWP (8 questions), the household food security status measured by PNAD (in 2004, 2009 and 2013) was recalculated according to the EBIA-8 with use of PNAD microdata. Thus, in this study, all the data on food security status is based on EBIA-8.
Dependent variable
Food security, as measured by EBIA-8, was used as the dependent variable. This scale measures the limited access to adequate food and resourses, using questions related to the quality, variety and amount of food, as well as hunger experiences such as skipping meals and not eating for an entire day because of the lack of resources 19, 37 . This scale (Table 1) has eight questions with "no" and "yes" responses 19, 37 . Each positive answer is assigned one point and the total score is used to classify the household food security status as follows: 0 = food security; 1 to 3 = mild food insecurity; 4 to 5 = moderate food insecutiry; and 6 to 8 = severe food insecurity 19, 37 . EBIA-8 is based on a household level assessment and the reference period of the questions covers three months prior to the interview 19, 37 .
Independent variables
A number of independent variables was utilized to explore the associations between food security status and socioeconomic factors during the crisis (GWP data), including: per capita household income; perception of political stability; household size; age; educational level; and gender of the respondent. Additionally, two GWP indices were used to measure job climate and social support 36 .
Household income per capita was analyzed in four strata based on the Brazilian minimum wage. The first stratum, which refers to people receiving up to ¼ of minimum wage, and the second stratum, people receiving from ¼ to ½ of the minimum wage, are equivalent to the line of extreme poverty Cad. Saúde Pública 2019; 35 (7):e00084118 Table 1 Characteristics and questions of the short version of the Brazilian Food Insecurity Scale (EBIA-8).
Characteristics/Questions
Level reference
Household level Questions 1. During the past three months, were the residents of this household worried the food would run out before they could buy or receive more food?
2. During the past three months, did the food run out before residents of the household were able to buy more food?
3. During the past three months, did residents of this household not have money for a healthy and varied diet?
4. During the past three months, did residents of this household eat only a few kinds of food that they still had in the house because money ran out?
5. During the past three months, did any household member 18 years or older skip a meal because there was no money to buy food?
6. During the past three months, did any household member 18 years or older eat less than they should have because there was no money to buy food?
7. During the past three months, did any household member 18 years or older feel hungry and not eat because there was no money to buy food?
8. During the past three months, did any household member 18 years or older eat only one meal a day or go an entire day without eating, because there was no money to buy food?
Food security status Thresholds
Food security 0
Mild food insecurity 1-3
Moderate food insecurity 4-5
Severe food insecurity 6-8
Source: Brazilian Institute of Geography and Statistics (IBGE) 19 .
and poverty in Brazil, respectively 18 . Perception of political stability was measured using the question "How stable do you see the political situation in this country nowadays? (very stable, somehow stable, or not stable at all)" 36 . Household size was divided into three categories: "1 to 3", "4 to 5" and "6 or more" residents. Age was analyzed in three subgroups: "youth (15 to 29 years)", "adult (30 to 59 years)", and "older people (60 years or more)". Educational level was also divided into three categories: "elementary or less", "secondary/high school" and "college/university". For gender, two categories were considered: "men" and "women". Job climate was measured by the GWP Job Climate Index, which assesses people`s perceptions of job opportunities and the economic situation through the questions: "Thinking about the job situation in the city or area where you live today, would you say that it is now a good time or a bad time to find a job? (yes or no)"; "Right now, do you think that economic conditions in the city or area where you live, as a whole, are getting better or getting worse? (yes or no)" 36 . Based on their answers, individuals are classified as having a "low", "moderate" or "high job climate" 36 . This index, validated by the GWP, showed a good reliability and criterion validity, with a Cronbach's alpha of 0.85 and a significant association with GINI Index (Pearson's r = 0.41) and long-term unemployment (Pearson's r = -0.54) at the country level 36 .
Social support was measured by the GWP Social Life Index. This index assesses perceived and integrative social support, respectively, using the following questions: "If you were in trouble, do you have relatives of friends you can count on to help you whenever you need them, or not? (yes or no)"; "In the city or area where you live, are you satisfied or dissatisfied with the opportunities to meet people and make friends? (yes or no)" 36, 38 . Individuals are classified as having "low", "moderate" or Cad. Saúde Pública 2019; 35 (7):e00084118 "high" social support 36 . This index, also validated by the GWP, showed a Cronbach's alpha of 0.65 and significant association with adult literacy rate (Pearson's r = -0.58) and life expectancy (Pearson's r = 0.64) at the country level 36 .
Data analysis
Analyses were conducted separately for each period analyzed, before the economic and political crisis using data from PNAD (for the years 2004, 2009 and 2013) and during the crisis using data from GWP (years 2015 to 2017), seeking to describe the changes in food security status and household income per capita within each period. To evaluate if these changes were statistically significant (p-value ≤ 0.05) and to explore temporal associations within each period analyzed (before and during the crisis), z-tests adjusted by Bonferroni-correction and linear-by-linear association chi-squared tests were applied.
To explore the association between food security status and household income per capita, crosstabulation analyses were performed separately for each selected year (2004, 2009, 2013, 2015, 2016 and 2017), using z-test adjusted by Bonferroni-correction and linear-by-linear association chisquared tests.
Multiple logistic regression analysis was carried out to study the association between food security status and socioeconomic factors during the crisis (2015 to 2017) using data from the GWP. For regression analysis, EBIA-8 was recoded into 0 = food secure and 1 = food insecurity. Statistical analyses were performed using the application software SPSS, version 23 (https://www.ibm.com/).
Results
Characteristics of the samples from 2004 to 2017 are presented in Table 2 . From 2004 to 2013, before the economic and political shock, an increasing trend was observed for food security (63% to 76%). Nevertheless, the results indicate a large decline in food security during the crisis (76% in 2013 to 49% in 2017).
Regarding severe food insecurity, a decrease was found before the crisis between 2004 and 2013 (from 10% to 4%). However, severe food insecurity increased during the crisis from 2015 to 2017, reaching a prevalence of 12%, which was higher than all previous assessments. Findings for household income per capita indicate that about 46% of the sample lived with more than 1 minimum wage between 2004 and 2013, which declined to 26% in 2017. The opposite was observed for extreme poverty (less than ¼ minimum wage per capita), while before the crisis the proportion of households living in this condition was around 9%, in 2017 it increased to 17%.
Results from cross-tabulation analyses ( Table 3) show significant associations (p < 0.001) between household income per capita and food security status from 2004 to 2017. In 2013, before the crisis, 44% of the poorest people were food secure, while in 2017 only 26% of the poorest were food secure.
Findings in Table 4 reveal that household income per capita had the highest association with food security status during the crisis. Households with no income and up to ¼ minimum wage per capita were six times more likely to be food insecure (OR = 6.42; p < 0.001). Furthermore, those who reported low job climate (OR = 1.84; p < 0.001), low social support (OR = 2.37; p = 0.001) and had the lowest educational level (OR = 2.24; p < 0.001) were on average two times more likely to be food insecure. Older people were 37% less likely to be food insecure (OR = 0.63; p = 0.001).
Discussion
This study shows, for the first time to the best of our knowledge, a deterioration of food security in Brazil during its most recent financial and political crisis. As the literature lacks continuous monitoring of food security in times of economic and political instability, a gap in knowledge was filled by assessing the changes in food security status before (2004, 2009, 2013 ) and throughout the current Brazilian crisis (2015 to 2017).
Cad. Saúde Pública 2019; 35 (7):e00084118 Table 2 Changes in food security status and household income per capita before and during the crisis in Brazil.
Period
Variables Note: different superscripts denote statistically significant differences at a 0.05 level between column proportions within each period analyzed (before and during the crisis). While it is expected that economic and political crises would undermine food security gains, it has been widely assumed that a well-designed food security policy environment would protect the Right to Food of the most vulnerable and mitigate impact and extent of declines in food security status. However, amid austerity measures that have greatly reduced their funding 26, 28, 30, 31 , the successful Brazilian food security policies, recognized as a model for developing countries 1,2,6 , were not enough to avoid a deterioration in food security in Brazil during the country's financial and political crisis. As seen in other countries without the robust food security institutional and policy arrangements of Brazil 4,24,34 , the results suggest a major decline of food security during the crisis (from 76% in 2013 to 49% in 2017) and a 300% increase of severe food insecurity (from 4% in 2013 to 12% in 2017).
To illustrate the magnitude of this decline in food security, in 2017 the prevalence of severe food insecurity (12%) was 2% higher than that found 13 years before (10%), when the most important food security policies started to be implemented in the country. In contrast, a study assessing food security status in Mexico before (2008) and after (2010) its economic downturn showed a lighter increase in severe food insecurity (8% to 10%) but also in food security (57% to 60%) 21 . Nonetheless, it is difficult to compare these results with the Brazilian situation, as in Mexico the analysis focused on the period before and after the crisis, while in Brazil the crisis is still ongoing. Moreover, the economic downturn in Mexico lasted less than two years, and the country showed quick recovery in its GDP growth from 2009 (-4.7) to 2010 (5.1) 15,21 .
Cad. Saúde Pública 2019; 35 (7):e00084118 Table 3 Cross-tabulation analysis between household food security status and household income per capita in Brazil.
Household Note: different superscripts denote statistically significant differences at a 0.05 level between column proportions within each period analyzed (before and during the crisis). Food security is considered to be a result of political economy and social inclusion. Aligned with that, the period in which there was an outstanding improvement in food security status in Brazil (2004 to 2013) was marked by high investments in social policies, financial growth (reaching a GDP growth of 7.5% in 2010) and reduction in unemployment 14, 15 . In the diagram presented by Timmer 6 , economic growth and political stability are shown as macro determinants of food security. From this perspective, it can be assumed that the economic stagnation and the subsequent recession played a major role in increasing food insecurity in Brazil. In contrast to the large GDP growth seen in Brazil before the crisis, since 2015 growth rates have been among the worst in the nation's history (-3.8% in 2015 and -3.6% in 2016) 15 . In addition, this economic crisis has happened in a setting of political Cad. Saúde Pública 2019; 35 (7):e00084118 Table 4 Adjusted odds ratios (OR) for food insecurity during the crisis (2014 to 2017) in Brazil.
Variables
OR 95%CI
Household income per capita (minimum wage)
More than 1 (reference) instability in Brazil, marked by a presidential impeachment in 2016 26, 27 . Thus, it can be assumed that the critical situation of both macro determinants (political stability and economic growth) has contributed synergistically to the deterioration of food security in Brazil from 2015 to 2017. The distribution of the sample by household income per capita presented larger variations from 2004 to 2017. The percentage of people living in the lowest strata rose greatly from 2013 (8%) to 2017 (17%), while the highest strata decreased almost by half from 2013 (47%) to 2017 (26%). The results also showed a higher increase of severe food insecurity among the poorest strata. In contrast, the increase in mild food insecurity was greater among the wealthiest strata. This corroborates previous observations, indicating that political and financial crisis disproportionately affect people's food security status based on their income 2, 21, 24, 32, 34 .
Out of the socioeconomic variables tested, household income per capita showed the strongest association with food security status; people living with no income to ¼ minimum wage were six Cad. Saúde Pública 2019; 35 (7):e00084118 times more likely to be food insecure than those living with more than one minimum wage. The association between food security and income is well documented 5, 20, 21, 24, 34 and for this reason, Brazil has implemented several food security policies aimed to improve food access by the poor. For example: the Bolsa Família, which is considered the largest conditional cash transfer program in the world and covered a quarter of the Brazilian population in 2012; the Food Acquisition Program (PAA) that improves the income of smallholder farmers; and the Popular Restaurants that provide safe and nutritious meal at an affordable price (usually less than USD 1) 9,10,11 . However, these programs have been weakened during the crisis, many Popular Restaurants were closed down, the PAA is suffering from a large budget constraint, and the cash transfer program is having difficulty adjusting to rising inflation and unemployment 26, 28, 30, 31 . Thus, our findings indicate that the protective factor of a welldeveloped food security policy environment, once compromised by severe austerity measures, may be insufficient to protect the Right to Food of the poor at times of economic decline.
After income, social support and educational level were the variables most associated with food security. As the impact of social support on food security access has only recently been investigated, our findings give support to its importance. People with low social support were two times more likely to be food insecure. This was expected, as Miller 38 demonstrated the association between functional and structural social support and food security in a study involving 107 countries. This author found that social support improves food security by facilitating the loan of money or food in case of shocks, assisting in the production and preparation of food, and also in forming connections to find employment 38 . According to Silva & Harpham 39 , mothers receiving greater social support have children (1 year old) with better nutritional status. These findings highlight the protective influence of social support and the importance of the availability of relatives and or friends. This is an area of research that could be used to inform the design of public health and social policies that may highlight the benefit of service delivery using group-based modalities that bring together community members with less socially active demographic groups in a way that provides opportunities for social interaction as a spin-off benefit 40 .
Many studies also showed that people with low levels of education have a higher risk of being food insecure, which is explained by its association with income 5, 41 . Large family size, which is more common among the poor and low educated, was shown to be associated with food insecurity 5, 18, 22 . In our study, the risk of being food insecure did not differ among households with 1 to 5 residents but households with more than five residents were 35% more likely to be food insecure. Job climate was also significantly associated with food security status. People with low expectations of job opportunities were two times more likely to be food insecure. As employment generates income, the relationship between job climate and food security status is predictable. The opposite effect was found for increased age, as those over 60 had a protective effect for food security in Brazil with the elderly being 37% less likely to be food insecure. These findings may be partly explained by a previous study conducted in Brazil in 2008, which showed that in half of the households, older people's income (mainly coming in after retirement) represented the majority of the household earnings 41 . This suggests that older people contributes to the economic stability and food security status of the household 41 .
The causal mechanisms of the association between food insecurity and poverty, lack of social support, low education, low job climate and large household size found in this study can be seen in both directions 1 . In other words, these socioeconomic determinants can also result from food insecurity. For example, a poor diet comprises children's learning ability, and a lower level of education leads to poor job opportunities, lower income and larger household size, which reduces financial access to food. In addition, food insecurity leads to lower productivity, which affects the performance of people at work and can result in the loss of a job 1 . Lack of social support can be the cause and consequence of depression and poor mental health, which also compromises people's productivity and learning ability, resulting in lower level of education, lower income and larger household size, and thus greater risk of food insecurity 1, 39, 40 .
This study has limitations due to the use of secondary data from two different sources to cover the period before (PNAD data) and during the crisis (GWP data) in Brazil. However, both data sources, PNAD and GWP, applied a similar sampling method to ensure national representativeness and, to minimize bias, their data were analyzed separately. In addition, the results of the significant association between food security and income in a dose-response manner ( Table 3 ) consistent across all years analyzed show the external validity of these data. The analyses were limited to variables available in the PNAD and GWP and, due to the self-reported nature of the data, reporting bias may be an issue. Moreover, the sample did not cover homeless and institutionalized people, who may be among the most vulnerable groups during economic downturns. This research would benefit from the inclusion of more social variables, such as ethnicity, and demographic variables addressing area of residence (urban and rural) and the Brazilian regions separately. However, GWP did not assess ethnicity, and the methodology for classifying rural and urban areas differs greatly between PNAD and the GWP. Although PNAD provides representative data for each Brazilian region, GWP data are only nationally representative.
In addition to these factors, it was decided that data from 2014 would not be included in this study, the first year of the crisis, since in this year, the GWP applied the Food Insecurity Experience Scale (FIES) instead of the EBIA-8 to measure food security status in Brazil. These scales present differences in their thresholds for moderate and severe food insecurity, as well as in the order of the questions and time of reference (3 months versus 12 months prior to the interview); and FIES is based on an individual level while EBIA-8 is based on a household level. Finally, as this is a cross-sectional study, it is not possible to infer causality, but only associations between the variables. Thus, further research could look into the differences between rural and urban areas in this context of economic downturn, or even apply a longitudinal design for a deeper comprehension of the impacts of financial and political shocks on food security.
Despite of its limitations, this study contributes to the discussion on the level and extent of decline in food security that can be generated by economic and political instability even in countries where there is a strong social policy framework. Furthermore, the Brazilian legal framework for food security establishes the need for monitoring food security status to evaluate the impact of public policies 12 , so this study also attends this nationally recognized demand. In addition to being a legislative issue in Brazil, regular food security measurements are important for the country due to the biological, social and economic consequences of food insecurity, which are widely explored in the literature 42 .
Conclusion
As shown in this study, a great deterioration of food security status was found in Brazil during the current financial and political crisis (2015 to 2017), severely affecting the poorest strata. Low household income per capita was highly associated with food insecurity, increasing in six times the chances of being food insecure among those living with ¼ minimum wage or less. Low educational level, social support and job climate (poor perception of job opportunities and of the economic situation) were also negatively associated with food security, increasing in 2 times the chances of being food insecure.
Overall, although Brazil achieved widely recognized improvements in food security between 2004 and 2013, the crisis has strongly affected Brazilians, with a great increase in severe food insecurity. Even though the current literature refers to a budgetary decline in food security programs, they likely persist because of the previously achieved legislation. From a policy perspective, these findings highlight the necessity for emergency public policies to stop the deterioration in food security in Brazil and guarantee the access to food, especially for the most vulnerable. Furthermore, this research indicates that these policies should pay particular attention to enhancing income generation, improving access to education and fostering social support in order to promote and protect food security. 
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